INTRODUCTION
Development of an effective vaccine for prevention of AIDS has been a global health priority since the discovery of HIV-1 as the causative agent of the disease more than 3 decade ago which has caused infection in over 60 million people resulting in nearly 30 million deaths worldwide [1] . However, despite extensive efforts no safe and effective vaccine to prevent HIV-1 infection is available and the achievement of this goal has been hampered by the fact that the virus is highly variable resulting in its successful evasion of adaptive immune responses, broadly neutralizing antibodies are not induced, and a latent viral reservoir is established soon after the onset of infection [1, 2] . To overcome these difficulties various candidate vaccines have been developed including whole inactivated virus, HIV-1 protein subunits and peptides epitopes, DNA vaccines, viral vectors expressing HIV antigens, therapeutic immunization and dendritic-cell-based vaccines [3] . Traditional vaccines use whole micro-organisms containing a large array of antigens which induce vast immunologic responses even though only a few are protective. Identification of these immunogenic epitopes has led to the production of vaccines incorporating only the critical epitopes in order to elicit the required immunologic response. However, due to the mammalian polyclonal immune response system, the rational approach is to include many immunogenic epitopes into a single vaccine [4, 5] . These polyepitopic vaccines may induce strong immune responses against immunogenic and protective epitopes and thus may result in reduction of the number of vaccine administrations required [5] . Among the HIV-1 antigens Gag, Tat, Pol and Env have received considerable attention due to their critical roles in viral life cycle. The Gag protein is essential for HIV-1 virus particle assembly [6] . The most important role of this protein is in the late stages of HIV replication, assembly, maturation and release of a mature viral particle [7] . Tat in the HIV-1 virus triggers apoptosis, hence, has a significant role in the pathogenesis of this virus and is the first known inhibitor of cytochrome C oxidase (COX) activity [8, 9] . The Pol gene codes for three enzymes; reverse transcriptase (RT), integrase and protease that are respectively responsible for amplification of viral genome, its integration into the host's genome and hydrolyzing the precursor polypeptides into functional proteins. HIV-1 has been able to escape the effects of traditional vaccine preparations due to its antigenic variations. Thus, new vaccine development strategies must employ multiple epitopes from the HIV conserved immunogens [10] . In this study, we have used tat, env, pol and gag sequences based on their importance in the life cycle and pathogenesis of the virus as the selected targets. Following bioinformatic analysis of six immunogenic and conserved CTL epitopes, antigenic targets were selected and fused together. The recombinant protein corresponding to this polyepitopic sequence was expressed in E. coli BL-21 (DE3) to assess its immunogenicity in BALB/c mouse model.
MATERIALS AND METHODS
Construction of recombinant HIV-1 tat/pol/gag/env expression vector. Searching through the Los Alamos HIV Molecular Immunology Database, six amino acid fragments identified as the regions containing HIV-1 CTL epitopes were selected from Tat, Env, Pol and Gag HIV-1 antigens (http:// www.hiv.lanl.gov/content/immunology/index.html). The six fragments (Table 1) were joined as a full length polytopic tandem of tat/pol/gag/env while three spacer sequences of AAY and AAA were designed at their junctions to firstly reduce the creation of junctional epitopes at the juxtaposition of two neighboring fragments and secondly to optimize the cleavage of the proteasome complex (Fig.1) . Table 1 . Selected amino acid sequences of Tat, RT, P24 and Gp160 proteins from HIV-1 used in construction of the polyepitopic candidate vaccine Prediction of the optimal spacer fragments were performed using Rankpep (http://bio.dfci.harvard.edu/RAN-KPEP) and PaProc (http://paproc.de) software. To enhance the expression rate of the recombinant protein by minimizing the accumulation of hydrophobic residues in one region, protein analysis program in CLC Main Workbench 5.5 software was used. HIV-1 tat/pol/gag/env gene fragment was synthesized by Biomatik (Canada). The tat/pol/gag/env fragment was excised with Eco-RI/XhoI and sub-cloned into the same enzymatic sites in pET-23a expression vector and the construct was authenticated by enzymatic digestion and sequencing.
Expression and purification of recombinant HIV-1 tat/pol/ gag/env protein. Recombinant expression vector was transformed into E. coli BL21 (DE3) cells. A single transformant was cultured and induced for protein expression at mid-log phase (OD600=0.5) for 3 h by addition of 1 mM IPTG. His-tagged protein was purified in denatured condition using nickel-niDownloaded from vacres.pasteur.ac.ir at 23:20 IRDT on Tuesday July 30th 2019 trilotriacetic acid (Ni-NTA) affinity chromatography column (Qiagen, USA), according to the manufacturer's instructions. Briefly, expressing cells were resuspended in lysis buffer (100 mM NaH2PO4, 10 mM Tris-HCl, 8 M urea, pH = 8) by gentle vortexing and centrifuged for 10 min at 10'000 rpm. The obtained supernatant was loaded onto a Ni-NTA column after washing steps with wash buffer (100 mM NaH2PO4, 10 mM Tris-HCl, 8 M Urea, pH=6.4), fractions of pure protein were eluted in elution buffer (100 mM NaH2P04, 10 mM Tris-HCl, 8 M urea, pH = 4.5). Identity and purity of the eluted protein was evaluated using SDS-PAGE and western blot with anti His-tag monoclonal antibody (Invitrogen, USA). The purified protein was quantified with Bradford method [11] and stored at -20°C until use.
Animals. Six to eight-weeks old inbred female BALB/c mice were obtained from Pasteur Institute of Iran (Karaj, Iran). Mice were housed for one week before the experiments, given free access to food and water and were maintained in a light/dark cycle (12h/12h). All experiments were in accordance with the Animal Care and Use Protocol of Pasteur Institute of Iran.
Experimental groups and immunization. BALB/c mice were divided into seven groups (n = 6) and were immunized subcutaneously with 100 μl of each formulation containing 20 μg of candidate vaccine adjuvanted in Complete Freund's (Sigma, USA), Montanide ISA70 (Seppic, France) and Alum adjuvants (Sigma, USA). Experimental groups were immunized three times with 2 weeks intervals. Control groups (Freund's, Montanide ISA70, Alum and PBS) were immunized under the same conditions. Two weeks after the last immunization, immunologic responses were assessed.
Lymphocyte proliferation assay. Two weeks after the final immunization, spleens were dissected from the mice and suspended in sterile cold PBS containing 2% FBS. RBCs were lysed with lysis buffer and the single-cell suspension was adjusted to 2×10 6 cells/ml in RPMI 1640 (Gibco, Germany) supplemented with 10% FBS, 4 mM L-glutamine, 1mM sodium pyruvate, 50 µm 2ME, 100 µg/ml streptomycin and 100 IU/ ml penicillin. The cell suspension (100 µl) was dispensed into a 96-well flat-bottom culture plate and stimulated with 10 µg/ ml of the recombinant protein as antigen recall. Phytohemagglutinin-A (5 μg/ml, Gibco) and un-stimulated wells were used as positive and negative controls, respectively and the culture medium was as blank. All experiments were done in triplicates. After 72 h of culture, 100 µl of 5-bromo-2-deoxy-uridine (Brdu) labeling solution was added to each well and the incubation was continued for 18 h. The plates were then centrifuged and the culture medium was removed and 100 µl of anti-Brdu antibody was added to each well. After washing the plates four times, tetramethylbenzidine solution was added as substrate and the reaction was stopped by adding 100 µl of 2N H2SO4. Absorbance was measured using a spectrophotometric plate reader at 450 nm. The stimulation index (SI) was calculated according to the formula: OD of stimulated wells/OD of un-stimulated wells.
IL-4 and IFN-γ cytokines ELISA. Two weeks after the final immunization, a total number of 4×10 6 splenocytes were seeded in a 24-well plate using a complete RPMI-1640 medium, stimulated in vitro with 10 μg/ml of recombinant protein and incubated at 37°C in 5% CO2. Three days post antigen recall, supernatants were collected and centrifuged at 300 x g for 10 min and stored at -70°C for cytokine analysis. IFN-γ and IL-4 cytokines were quantified using Quantikine ELISA Kit (R&D Systems, USA) according to the manufacturer's instructions.
Measurement of total and IgG subclasses. Specific antibodies were determined by an optimized indirect ELISA method. Briefly, 100 µl of 10 µg/ml of recombinant HIV-1 tat/pol/gag/ env protein in 50 mM carbonate-bicarbonate buffer (pH 9.6) was added to 96-well ELISA Maxisorp plates (Nunc, Naperville, IL) and incubated for 24 h at 37˚C. Wells were washed with PBS containing 0.05% Tween 20 (TPBS) and blocked for 1 h at 37˚C with 5% skimmed milk in PBS. After washing the plates with TPBS, 100 µl of diluted sera (1/100 to 1/102400) were added to each well and the plate was incubated at 37˚C for 2 h. Wells were washed five times with TPBS and incubated for 2 h with 100 µl of 1/8000 dilution of HRP-conjugated anti mouse IgG (Sigma, USA). Plates were washed five times and incubated for 30 min with 100 µl of TMB substrate in the dark and the reaction was stopped with 2N H2SO4 and color intensity was measured at A450 nm with an ELISA plate reader. Detection of specific IgG1, IgG2a and IgM subclasses were carried out using goat anti mouse IgG1, IgG2a and IgM secondary antibodies (Sigma, USA) according to the manufacture's instruction.
Statistical analysis.
All experiments were performed in triplicates and the data was expressed as means ± SD of each experiment. Statistical analyses were carried out by one-way ANOVA and Tukey HSD test was used to compare the differences between the mean values of experimental groups using SPSS v18 software. P values < 0.05 were considered statistically significant.
RESULTS
Protein expression and purification. Induction of E. coli BL21 (DE3) cells harboring pET-HIVtop4 plasmid resulted in the expression of a protein of approximately 24 kDa which was detected in bacterial lysate (Fig. 2A) . The fusion protein was purified by Ni-NTA affinity chromatography and confirmed by anti-His monoclonal antibody by Western blotting.
Lymphocyte proliferation. The lymphocyte proliferation results showed that the candidate vaccine adjuvanted with Freund's, Montanide ISA70 and Alum increased lymphocyte proliferation compared with the control groups (P ≤ 0.028). Although immunization of mice with vaccine candidate mixed with Freund's adjuvant increased the lymphocyte proliferation in comparison to Montanide ISA70 (P = 0.04) and Alum (P = 0.03), this increase was not statistically significant (Fig. 3) .
ELISA results of IL-4 and IFN-γ cytokines production.
Result of IL-4 cytokine assay showed that immunization with candidate vaccine adjuvanted with Freund's, Montanide ISA70 and Alum increased IL-4 cytokine compared with the control groups (P ≤ 0.002). Immunization of mice with the vaccine candidate and Freund's adjuvant increased IL-4 cytokine in comparison to Montanide ISA70 (P = 0.015) and Alum (P = 0.105) but not significantly (Fig. 4) . Downloaded from vacres.pasteur.ac.ir at 23:20 IRDT on Tuesday July 30th 2019
Also there was not a statistically significant difference between IL-4 response using Montanide ISA70 or Alum (P = 0.272). IFN-γ cytokine was also increased in response to the candidate vaccine adjuvanted with Freund's, Montanide ISA70 and Alum compared to the control groups (P ≤ 0 005; Fig. 5 ). Freund's adjuvant increased IFN-γ cytokine in comparison to the Alum-adjuvanted group (P = 0.0001) but not the Montanide ISA-70-adjuvanted group (P =1). IFN-γ cytokine response in Montanide ISA-70 adjuvanted group was significantly higher in comparison to the Alum-adjuvanted groups (P = 0.014). There were no significant differDownloaded from vacres.pasteur.ac.ir at 23:20 IRDT on Tuesday July 30th 2019 ences between the control groups (P = 0.146).
Total Antibody measurement.
Results of total antibodies responses showed that immunization with the candidate vaccine adjuvanted with Freund's, Montanide ISA70 and Alumadjuvant groups increased the total antibodies compared to the control groups (for 1/100 to 1/51200; P ≤ 0.041; Fig. 6 ).
Specific IgG1, IgG2a and IgM Isotypes determination.
Immunization of mice with the candidate vaccine adjuvanted with Freund's, Montanide ISA70 and Alum increased IgG1, IgG2a and IgM isotypes (Fig.7) compared to the control groups (P < 0.0001, P < 0.0001 and P < 0.002, respectively). There was no significant difference between the adjuvants in the induction of IgG1 isotype antibody (P = 0.935 and P = 0.977, respectively). IgG2a assay showed that the vaccine candidate adjuvanted in Montanide ISA70 significantly increased IgG2a level compared to Alum and Freund's (P = 0.024 and P = 0.037, respectively), but no significant difference in the induction of specific IgM responses was observed between the immunized groups (P = 0.581).
DISCUSSION
Constructing an immunogen composed of various HIV-1 viral epitopes that have key roles in the pathogenesis of HIV-1 could lead to development of an effective vaccine [12] . In the present study, we have designed a polyepitope candidate vaccine for HIV-1 which is based on proteins coded by tat, pol, gag and env genes that are conserved and can bind to a range of human and mouse MHCs and also to T-cell, B-cell, T-helper and T-cytotoxic receptors. Another consideration in selecting these proteins was their important roles in the viral cells cycle such as construction of the virus core [13] , attachment to CD4 receptors on T-lymphocytes [14] , replication of the virus [13] and increasing viral transcription [15] . Therefore, immunological responses against these combined epitopes in a vaccine candidate which could attack the virus from several points might result in a more effective vaccine. After immunization of the mice with the fusion protein, cellular and humoral immune responses were evaluated. Results of the lymphocyte proliferation assays showed that the vaccine candidate has been able to induce proliferative responses by all three adjuvants, namely Alum, Freund's and Montanide; however, the strongest proliferative responses were observed when Freund's adjuvant was used. Proliferative responses are a symbol of the cellular immune responses [16] and considering the importance of the cellular immune responses in controlling viral infections, this could be considered as one of the advantages of this candidate vaccine. Study of Reed et al. [17] showed that administration of a multi-epitope vaccine consisted of genes coding for Gag, Tat, Rev and Nef proteins caused an elevation in the cellular immune responses which was effective in controlling the viral replication. Our previous study had also shown that a multi-epitope fusion protein based on Nef and P24 of HIV-1 could induce lymphocyte proliferation [12] . The results of IFN-γ cytokine showed that all the three above-mentioned adjuvants induced IFN-γ, but better responses were observed in the Freund's immunized group. The IFN-γ cytokine is an indicative of Th1 cellular immune responses and the induction of TCD8 + cells that have a key role in control and elimination of viral infections [18] . Many studies have shown the importance of IFN-γ in the control of viral infection [19] . Ullum et al. [20] have measured the amount of IFN-γ in healthy, HIV-infected and AIDS patients and have shown that a decrease in IFN-γ was significantly correlated with progression to AIDS. Emu et al. [21] have also shown that IFN-γ levels were highly correlated with HIV control in patients with HIV-1 viremia. Our data indicated that our candidate vaccine has been able to increase IFN-γ levels and has been able to induce a branch of the immune responses which has a key role in controlling viral infections. The results of IL-4 assessment as a Th2 cytokine showed stimulation of IL-4 production with all the adjuvants used. It has been shown that the production of this cytokine has a significant effect on the function of B cells and induction of the humoral immunity [22] . The antibody levels obtained indicated that our multiepitope fusion protein has been able to induce antibody responses with all three adjuvants used. Humoral responses are highly important in neutralizing viruses and for prevention of viral infections [23] [24] [25] [26] [27] . Given that an increase in IgG1 indicates Th1 induction and IgG2a is an indicative of Th2 [28] , it can be concluded that our candidate vaccine can stimulate both Th1 and Th2 responses. In addition, the results showed that our candidate vaccine injected with Alum, Freund's and Montanide adjuvants could induce specific IgM production. These results are in agreement with other studies indicating that polyepitope vaccines can induce vaccine specific IgM which is essential for controlling viral infections [29] [30] [31] . Moreover, all three adjuvants could induce different levels of humoral and cellular immune responses that indicate the effect of adjuvants on the vaccine immunogenicity.
CONCLUTION
The overall results of our study indicated that the candidate vaccine which we had prepared as a recombinant protein could significantly stimulate the cellular and humoral immune responses showing Th1 shift and an increase in IFN-γ. However, further studies are required in order to define the exact effects of our candidate vaccine on the viral infection, its biological properties and its suitability for use in pre-and clinical trials.
